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HOURLY RAINFALL PROBABILITIES A T  S A U L T  STE.  MARIE, MICH. 

By C. L. RAY 

M a y  
June _ _ _ _ _ _ _ _ _ _  
July _ _ _ _ _ _ _ _ _ _  --' 
August _______ 
Beptember _ _ _ _  
October _ _ _ _ _ _ _  

[Weather Bureau, Sault Ste. Marie, January 5. 1827[ 
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Hourly precipitation probabilities for Lansing, Mich., 
prepared in 1925 give a fair approximation of rainfall 
distribution over the 24-hour period so far as the Lower 
Peninsula of the State is concerned. The accompany- 
ing paper has been prepared with the idea of presenting 
a somewhat similar arrangement, using the 22-year pre- 
cipitation records of Sault Ste. hcf arie, h.lic.11. This station, 
located a t  the eastern edge of the Upper Peninsula, 
latitude 46' 30', longitude 84O 21', is typical of that sec- 
tion, a t  least during the period considered, namely, from 
May to October, inclusive. During these months four 
regular observing stations show- only slight variation as 
regards the number of days with 0.01 inch or more of 
precipitation, Escanaba averaging 68 days, Houghton 71 , 
Marquette 77, and Sault Ste. Marie 73. The total annual 
rainfall for the Upper Peninsula ranges from 26 imhes 
in western Marquette County to 34 inches in Iron 
County, while Sault Ste. Marie in Chippewa County has 
an annual total of about 31 inc.hes, a fair average for the 
section. 

An apportionment of the rainfall by hours as sliown 
in Table 1 and Figures 1 and 2 reveals a masi~iium hourly 
rainfall between 2 and 3 R. In., where the si.. months 
May-October is considered as n unit. Taking the months 
separately, some variation from this average is to be 
observed. In  May the maximum is found between 3 and 
4 p. m.; in June and July it also falls in the p. m; period, 
though during the late eve.ning hours; in August and 
September it occurs be,tween 2 and 3 a. in., coinciding 
with the average for the six months, while in October 
the maximum total shifts to afternoon again, occurring 
during the hour ending a t  6 p. m. 

TABLE 1.-Total hourly amounts of precipitation (inches) M u y -  
October, for 22 years, 1905-1926, inclusive, R. Sle. Mane, Mich. 

Hours ending (a. m.) at- I 

Hours ending (p. m.) 3t- 

1 1 ' 2  1 3 1 4 1 6 I 6 1 7 I 8 1 9 I 1 0  I l l  1 1 2  I __ 
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I n  Table 2 is given the percentage of precipitation 

occurring duping six-hour periods, from niidnight to 6 
a. m., 6 a. m. to noon, etc. This grouping of hours in 
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FIG. I.-Total hourly amounts of prrcipitation. Mny to  October, 1905 to 1826, incluslve, 
Sault Ste. hfarie, hlich. 
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FIG. 2.-Total hourly amounts of pxipitation and average hourly Ire uenc 
October, 1805 to 1926, inclusire. Sault htc .  Marie. Data from TabYe 1 &::&:; 
equals number of times 0.01 inch or more occurred). 1 MO. WXA. REV. 53: 256. 
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relation to rainfall frequently is of value hi weighing the 
probabilities for different periods of the day, especially 
in planning for insurance of outdoor events against inclem- 
ent weather. For example, the percentage of rainfall a t  
Sault Ste. Marie during September is notably greatest 
between midnight and 6 a. m., this period accountling for 
32 per cent as against 21 to 25 per cent during the three 
other periods. 

TABLE 2.-Percentage of nionthly precipitution, occiirritig during 
a&-hour periods, May-October, mAusiue, S. Ste. Marie, Mich. 
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May ___________..____ 7 .6  
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July _....________._.. 14:O 
August ____._____._.. ! 3 . 8  
September __.________ 5 .3  
October _________._._ 19 .3  

&leans _________._._ 1 6 . 2  
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In  Table 3 another phase of the subject is presented, 
* namely, the hourly frequency of precipitation, or hi other 
words, the number of times (expressed in terms of per- 
centage of possible tinies) rainfall has occurred hi any 
measurable amount. Cornpnring t,he total hourly 
amounts in Table 1 with the frequency vtilues in Tnldc 3 ,  
we are able to gauge niore clefinitely tlie average intensity 
of precipitation per giren hour mid also the relative 
importance of the several hourly totals in Table 1, rated 
by the frequency with which they are likely to  occur. 
For example, in May tlie number of separate occ:irreixcs 
of rainfall of a measurable quantity is greatest between 
3 and 4 a. m., while the maximum hourly total of pre- 
cipitation in inches falls just 12 hours later, during the 
hour ending a t  4 p. ni. In  this instance two heavy 
showers during the 3 p. in. to 4 p. m. period acvnuxited 
for more than one-third of the total fall for this hoiir 
over the 22-year period, thus giving it a disproportionate 
rating as measured by frequency of occurrence. Taking 
the mean values of the tables, however, covering t,Le six 
months May to October, it is to be noted tlirtt- both 
maximum frequency and niaximuni hourly total in inches 
fall within the hour from 2 to 3 a. in., while a 1il.e agree- 
ment is found in the niasiinuii values for September. 
It should be noted that the data in Tables 1 mid 3 will 
be the more dependable if used in this comparative 
manner. Considered separately, especially in the case of 
total rainfall, a niisconceptiorl of actual conditions might 
easily arise. 

TABLE 3.-Percentage of times 0.01 or nioi'e of rain lies fullcn during 
each hour for  the months May-October, 1906-1936, iircl usive, 
Sault Ste. Marie, Mich. 
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TABLE 3.-Percentagc of times 0.01 or more of rain ha8 f d k n  during 
each hour for the months A1 ay-October, 1905-1926, inclusive, 
Sudt  Sle. Marie, 12lich.-Continued 
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FIG. 3.--Perceutage or fregueuny of 0.10 incd or more precipitation within three-hour 
g r i d .  beginding 13 miudnigh, 1 a .  m,,  2 8. m. ,  etc. Data for 22 years, 1806 to 1028, 

auk St. hlarie. 

A more detailed and specific table of frequencies is 
shown in Table 4 and Figures 3, 4, 5, especially adapted 
to t,he use of those interested in planning-rainfall insurance, 
in which the usual requirement for verification is 0.10 of 
an inch within the specified period. The data con- 
tained in this table are siniply an elaboration of Table'3. 
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Fro. 4.-Percentage frequeccy of 0.10 inch or more precipitntion within six-hour perlod 
beginning n t  12 midnight. 1 a. m,, 2 a. m., etc. Data from 22 years' records Sault 
:Stc. Marie. 

In tlie latter, 0.01 of an inch, the smallest measured 
quantity, was made the basis, and the time period was 
one hour. In the present calculation the basis of quan- 
tity has be.en increased to cover 0.10 or more; the t h e  
period, while including that for a single hour, also covm 
groups of hours, 2, 3, 4, 5, and 6 .  For example, in May 

FIG. 5.-€Iourly frequency 010.10 inch or more precipitation. Data 
1930, Sault Ste. Marie (0.10 within one hour) 

, for 22 years, 1905:tO 

the single hour beginning at  midnight has a frequency of 
0.9, the two hours beginning midnight (or from 12 to 
2 a. m.) has a frequency of 1.6, the three hours 12 mid- 
night to 3 a. m. a value of 2.4, etc., while the six-hour 
period 12 to 6 a. m. has a frequency of 6. Taking the 
values by months it is found that in May the six-hour 
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period beginning a t  3 a. m. has the highest frequency of 
the 24 possible groupings, the least frequency occurring 
in the six hours beginning at  5 p. m. In a similar manner 
it is possible to determine, in so far as the past perform- 
mce of 22 years can form a basis, the frequency of 
precipitation of 0.10 of an inch or more, for the SIX months 
when recording instruments are not interfewd with by 
freezing temperatures. The mean values for the May- 
October period show a maximum frequency over 3 and 4 
hours beginning at  2 a. m.; that is, from 2 to 5 a. m. and 
2 to 6 a. m., respectively, the maximum for five hours 
falling within the period from 1 to 6 a. m., while for six 
hours, the most favorable grouping is that from mid- 
night to 6 a. m. Unlike the values given in Table 3, 
little chance is present in this latter frequency computa- 
tion for misinterpreting the several results given, inas- 
much as the basis of 0.10 inch is sufficiently high to cover 
insurance claims, thereby satisfying the main purpose of 

Month 

May _ _ _ _ _ _ _ _ _ _ _  

June _____.______ 

July _ _ _ _ _ _ _ _ _ _ _ _ _  

August _ _ _ _ _ _ _ _ _ _  

September _ _ _ _ _ _  

October _ _ _ _ - _ _ _ -  

Means _ _ _ _ _ _ _ _ _ _  

the study. One exception should be noted, however, 
namely, that frequency values for a single hour, shown as 
the first item in Table 4, are not to be accepted with the 
same confidence as those covering longer periods, due to 
the small number of observations in which 0.10 of an inch 
of precipitation has occurred in one hour. Finally, it 
should be observed that in applying the frequency values 
to any particular problem, the fact that the hour of 
maximum frequency has been set in bold-faced type 
should not prejudice one to overlook other values, often 
but a point or so lower in the scale and for ractical 
purposes often of equal significance. For examp P e, in the 
last row of values for June, covering the six-hour grouping, 
though the maximum frequency of 7.3 occurs near mid- 
night, other high values of 7 occur beginning at  5 a. m. 
and 9 a. m. In  this case the two secondary maxima are 
sufficiently high to warrant considering them as well as the 
extreme maximum for the 24 hours. 

TABLE 4.-Percentage frequency of the occurrence of 0.10 inch or more precipitation within 1 ,  6, 3, 4 ,  5,  and 6 hours beginning at midnight, 
etc., f o r  24 hours at Saul1 Ste. Marie, Mich. (years 1905-1966, inclusive) 
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